What does this paper add to the literature?This paper discusses and illustrates the critically important facets of surgery during the COVID‐19 pandemic and the roles of laparoscopy and of negative pressure procedural rooms.

Introduction {#codi15112-sec-0002}
============

The first cases of pneumonia caused by a new coronavirus, SARS‐CoV‐2, were reported in Wuhan, China, in December 2019 \[[1](#codi15112-bib-0001){ref-type="ref"}\]. The disease caused by this novel virus was called COVID‐19, with its most common presentations being fever, cough, weakness and shortness of breath \[[1](#codi15112-bib-0001){ref-type="ref"}, [2](#codi15112-bib-0002){ref-type="ref"}\]. On 11 March 2019, the infection was declared a pandemic by the World Health Organization \[[3](#codi15112-bib-0003){ref-type="ref"}\]. Additional symptoms were described later, including a gastrointestinal manifestation of diarrhoea \[[4](#codi15112-bib-0004){ref-type="ref"}\]. This unprecedented situation requires special considerations for surgeons dealing with abdominal surgery and, specifically, for colorectal surgeons. We will try to address herein some of those new obstacles brought on by the COVID‐19 pandemic.

First and foremost is the adequate use of personal protective equipment (PPE) as per the Centers for Disease Control (CDC) guidelines \[[5](#codi15112-bib-0005){ref-type="ref"}\] and other surgical societies such as the American College of Surgeons (ACS) \[[6](#codi15112-bib-0006){ref-type="ref"}\] and the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) \[[7](#codi15112-bib-0007){ref-type="ref"}\]. With the current recommendations being to abstain from performing elective colorectal surgery, colorectal surgeons worldwide will still continue to operate on patients with symptomatic cancer as well as patients with perforated diverticulitis, toxic colitis and other acute problems.

The spread of the virus causing COVID‐19 is mainly through droplets and surfaces, with an aerosol transmission also suggested \[[8](#codi15112-bib-0008){ref-type="ref"}\]. In order to optimize the protection of caregivers from contagious pathogens in the operating room (OR), a negative‐pressure OR has been recommended. This guideline is based upon antecedent use for other diseases including tuberculosis, measles, chickenpox, Middle East respiratory syndrome (MERS‐CoV), influenza and severe acute respiratory syndrome (SARS‐CoV). In a negative‐pressure OR, which has a lower air pressure than its surroundings, the air is allowed to flow into the room but not to escape, thus protecting personnel in adjacent areas. During the SARS outbreak in Hong Kong hospitalists and engineers demonstrated that a positive‐pressure OR can be converted to a negative‐pressure OR \[[9](#codi15112-bib-0009){ref-type="ref"}\]. The recommendations of the ACS \[[6](#codi15112-bib-0006){ref-type="ref"}\] and of Liang *et al*. \[[10](#codi15112-bib-0010){ref-type="ref"}\] are for the allocation of negative‐pressure ORs for patients who are positive for COVID‐19 or suspected of having the infection. Additional emphasis should be given to the anteroom, which must also be a negative‐pressure room, preferably with a separate entrance \[[6](#codi15112-bib-0006){ref-type="ref"}\]. The donning of PPE including N95 mask, cap, gloves, face and eye protection, and boot covers must be performed in the anteroom. Extubation is extremely dangerous for viral spread and therefore should be performed either in the negative‐pressure OR or in a dedicated anaesthesia recovery room, as recommended by Ti *et al.* \[[11](#codi15112-bib-0011){ref-type="ref"}\]. The negative‐pressure OR and anteroom should ideally be in a corner of the OR complex with separate access and egress. In addition, regardless of whether the OR is positive pressure, negative pressure or neutral pressure, all personnel other than the anaesthesiologist should leave the room during both intubation and extubation. Based upon our review of the available data, we strongly recommend that every hospital in which COVID‐19 patients are treated should try to have at least one dedicated negative‐pressure OR, preferably in the corner of the OR complex.

Similar recommendations pertain to endoscopy suites to include a negative‐pressure endoscopy room for patients with COVID‐19 \[[12](#codi15112-bib-0012){ref-type="ref"}, [13](#codi15112-bib-0013){ref-type="ref"}\]. To minimize the exposure of caregivers, endoscopic procedures should not be performed in the office due to the lack of an appropriate environment and PPE.

There are some lessons about safety in the OR during minimally invasive surgery (MIS) that we can learn from the 10 years of experience with pressurized intraperitoneal aerosolized chemotherapy (PIPAC) \[[14](#codi15112-bib-0014){ref-type="ref"}\]. Although PIPAC is not universally available, its mechanism allows important parallels to be drawn in relation to laparoscopy in the COVID‐19 era. Specifically, the PIPAC system must be safely hermetically sealed to prevent inadvertent escape of any of the intraperitoneal gas or fluid which contains chemotherapeutic agents. During standard laparoscopy inadvertent pneumoperitoneum leakage is not dangerous, and in fact is sometimes deliberately undertaken to evacuate smoke from the abdominal cavity. PIPAC is a laparoscopic procedure for delivering chemotherapeutic agents as an aerosol to treat advanced peritoneal metastases with a palliative or neoadjuvant intent \[[15](#codi15112-bib-0015){ref-type="ref"}, [16](#codi15112-bib-0016){ref-type="ref"}\]. Therefore, during PIPAC, even miniscule leaks must be assiduously avoided. Active replication of the SARS‐CoV‐2 virus has been proved to occur in the respiratory and gastrointestinal tracts \[[17](#codi15112-bib-0017){ref-type="ref"}, [18](#codi15112-bib-0018){ref-type="ref"}\]. Therefore, during digestive surgery the potential danger for aerosol transmission has been noted despite the fact that isolation of SARS‐CoV‐2 in aerosol from pneumoperitoneum has not been reported. A passive evacuation system using the electrostatic filter from ventilator machines has been proposed \[[19](#codi15112-bib-0019){ref-type="ref"}\]. We present validated occupational health safety measures which meet the US National Institute for Occupational Safety and Health (NIOHS) standards and were implemented to protect healthcare workers from accidental exposure to toxic aerosols during PIPAC procedures \[[14](#codi15112-bib-0014){ref-type="ref"}, [20](#codi15112-bib-0020){ref-type="ref"}, [21](#codi15112-bib-0021){ref-type="ref"}, [22](#codi15112-bib-0022){ref-type="ref"}\]. By analogy, some of these measures could be implemented during laparoscopic surgery in COVID‐19 patients. These protective measures include: The required amount of abdominal distension is achieved by reducing the number of trocars to a minimum (in general two) by the use of balloon trocars such as Kii^®^ (Applied Medical, Ranch Santa Margarita, California, USA) and by verifying zero gas flow on the panel of the CO~2~ insufflator. Since some insufflators are able to reabsorb CO~2~ in order to prevent intra‐abdominal pressure peaks, a microparticle filter should be intercalated on the CO~2~ inflow line between the insufflator and the patient.Desufflation of the toxic aerosols occurs over a so‐called closed aerosol waste system (CAWS), consisting of hermetic tubing with two consecutive microparticle filters. The CAWS is then connected to a mobile high‐efficiency particulate air (HEPA) filter (Buffalo Filter Systems Inc., Lancaster, New York, USA).As an additional safety measure, the patient is completely covered with a large plastic drape extending to the floor \[[23](#codi15112-bib-0023){ref-type="ref"}\]. The plastic drape is perforated and a stoma bag is sealed to the orifice and connected with hermetic tubing going from the bag to a mobile HEPA filter system, as shown in Fig. [1](#codi15112-fig-0001){ref-type="fig"}.

![Safety measures in the operating room during laparoscopic surgery in COVID‐19 patients. Courtesy of Clarisse Eveno, MD, PhD, Lille, France.](CODI-9999-na-g001){#codi15112-fig-0001}

The use of an active smoke evacuator connected to a proper filter has been recommended by SAGES for laparoscopic or robotic procedures during the COVID‐19 pandemic \[[24](#codi15112-bib-0024){ref-type="ref"}\]. Another innovative suggestion for additional safety is the addition of a system of intra‐abdominal electrostatic precipitation, \[[25](#codi15112-bib-0025){ref-type="ref"}, [26](#codi15112-bib-0026){ref-type="ref"}\] which is able to sediment the aerosolized virus to the peritoneum, thereby precipitating 99.7% of the particles (Fig. [2](#codi15112-fig-0002){ref-type="fig"}).

![Pressurized intraperitoneal aerosol chemotherapy (PIPAC) from Solass *et al*. \[[36](#codi15112-bib-0036){ref-type="ref"}\]. Open Access: This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.](CODI-9999-na-g002){#codi15112-fig-0002}

Although modern ventilation systems are highly effective in purifying the air in the OR, their filters are not able to capture nanoparticles with a diameter of less than 1 µm, such as SARS‐CoV‐2 which has with a diameter of 60--140 nm \[[27](#codi15112-bib-0027){ref-type="ref"}\]. However, viruses are usually transported within aerosols, and the droplets that make up the aerosol will be almost completely removed by the HEPA filters. Typically, the air is completely exchanged every 2.5--4 min, depending on the size of the OR and the performance of the ventilation system.

The decision on the modality of surgical access will be contingent upon local factors, including both the COVID‐19 status of the patient and the availability of laparoscopic instrumentation. The former assessment is in turn reliant upon the local availability of testing. While some authors have suggested that it is potentially safer to perform a closed, controlled procedure than to have an open abdomen with fluids and smoke able to spread widely, others have stated that it is safer to avoid laparoscopy because of the risk of viral spread in the pneumoperitoneum. These issues are further discussed below.

Finally, it is important to note that typical modern ventilation systems utilize purified air from the ceiling and aspirate contaminated air close to the floor. Thus, aerosols contaminated with the SARS‐CoV‐2 virus are directed to the floor, then to the lateral walls and corners of the OR \[[28](#codi15112-bib-0028){ref-type="ref"}\]. Smoke simulations during PIPAC procedures have demonstrated that the safest place for surgeons and nurses is in the centre of the OR. To minimize the risk of exposure to toxic aerosols, OR personnel should not bend to the floor, sit on the floor or stay close to the walls due to capillarity effects (see Video [S1](#codi15112-sup-0001){ref-type="supplementary-material"} in the online Supporting Information, courtesy of Dr Marc Reynard). Recommendations for use of negative‐pressure environments throughout the hospital continue to evolve, as do suggestions for converting positive‐pressure areas to negative‐pressure ones \[[29](#codi15112-bib-0029){ref-type="ref"}, [30](#codi15112-bib-0030){ref-type="ref"}\].

Whereas application of the measures above can be assumed to reduce the risk of contamination of surgeons by aerosolized SARS‐CoV‐2 virus particles, they are unlikely to provide complete protection against infection. Thus, during laparoscopic procedures on patients with COVID‐19, surgeons should be equipped with masks with a microparticle filter (FPP2 or FPP3).

Minimally invasive surgery has gained widespread popularity; however, concerns about active virus particles in the pneumoperitoneum have been raised. Previous studies have demonstrated particles from papillomavirus, HIV and some other viruses \[[31](#codi15112-bib-0031){ref-type="ref"}, [32](#codi15112-bib-0032){ref-type="ref"}\] and it is unclear whether SARS‐CoV‐2 shares the same properties. However, one needs to assume that SARS‐CoV‐2 particles are also released during laparoscopy with CO~2~. SAGES recommends that the use of devices to filter released CO~2~ for aerosolized particles is considered \[[7](#codi15112-bib-0007){ref-type="ref"}\]. Zheng *et al*. \[[33](#codi15112-bib-0033){ref-type="ref"}\] advised caution with MIS, limiting the intra‐abdominal pressure, reducing the electrocautery settings and minimizing the Trendelenburg position. In many centres, a high‐flow insufflator is used for MIS procedures. Based upon our assessment of the evidence, laparoscopy may be performed in patients who are negative for SARS‐CoV‐2 in whom urgent or emergency indications necessitate the performance of surgery during the pandemic. However, appropriate caution must be exercised, as outlined in the above references. In many parts of the world, the requisite laparoscopic equipment safeguards may not be available. If the surgeon cannot access the recommended precautionary tools, such as airtight ports and filters, it may be safer to offer laparotomy using full PPE. However, even during laparotomy, great care must be taken to ensure complete immediate evacuation of all diathermy/electrocautery smoke plumes. Thus, the negative‐pressure OR again shows its value in helping achieve this safety goal. In addition, the availability of PPE has been challenging and may be exacerbated by both the regional incidence of COVID‐19 and the rate of infection as well as by institutional and governmental financial resources. To meet this challenge, numerous guidelines have been issued by the CDC, the National Institutes of Health and many societies including SAGES on the safe reuse of PPE \[[5](#codi15112-bib-0005){ref-type="ref"}, [7](#codi15112-bib-0007){ref-type="ref"}, [34](#codi15112-bib-0034){ref-type="ref"}, [35](#codi15112-bib-0035){ref-type="ref"}\]. Ultimately, the decisions on availability and conservation of PPE are made at a local level using the various published guidelines as resources.

Within the realm of colorectal surgery, high‐flow insufflation is an integral component of transanal total mesorectal excision (TaTME). While high‐flow insufflation facilitates gas evacuation during laparoscopy and is instrumental in establishing pneumorectum in TaTME, its benefits are also potential disadvantages. The higher flow and gas evacuation capabilities potentially increase the surgeon's exposure to aerosolized viral particles. Until further evidence is produced, it seems prudent to avoid TaTME during the COVID‐19 pandemic.

The European Association for Endoscopic Surgery (EAES) Technology Committee reported that standard electrostatic filters used for ventilation machines are effective in evacuating the generated smoke and filtering the potential viral load \[[19](#codi15112-bib-0019){ref-type="ref"}\]. This filter can be connected via standard tubing to the trocar evacuation port. Another commercial product that was approved by the US Food and Drug Administration (FDA) is the Ultravision^TM^ (Alesi Surgical, Cardiff, UK) \[[24](#codi15112-bib-0024){ref-type="ref"}\]. This may be used as an adjunct to significantly decrease the concentration of aerosolized particulates in the CO~2~ gas during laparoscopic procedures by the method of electrostatic precipitation.

We do not have clear solutions to all of the above problems. Furthermore, the solutions will vary contingent upon local resources, guidelines and COVID‐19 incidence. However, we believe that with prudent leadership these issues can be dealt with in a thoughtful and adequate manner. This initiative will be undertaken on national, international and institutional levels. Furthermore, local governance groups will need to decide which of the rapidly expanding myriad of guidelines from professional societies and organizations and from governmental bodies they should follow. Ultimately, in adopting and adhering to these guidelines the local institution must consider its COVID‐19 testing capabilities, laparoscopic resources and availability of PPE. Thus, the publication of a plethora of guidelines may be helpful given the disparities in resource availability around the world \[[6](#codi15112-bib-0006){ref-type="ref"}, [7](#codi15112-bib-0007){ref-type="ref"}\]. As with every crisis, along with many hardships there are also numerous opportunities to improve our professional knowledge, technique and, perhaps, the most important aspect of our calling as surgeons, which is solidarity and help to both our peers and patients.
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**Video S1.** Demonstration of flow direction for aerosolized particles in a laminar airflow operating room.
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Click here for additional data file.
